The experiments were carded out in a large cloud chamber, situated in a cold room as described by Keith and Saunders [1990]. The cloud was formed by the entry of water vapor from a boiler situated below the cloud chamber, the water droplets rapidly supercooling to the ambient temperature. Jayaratne et al. [1983] showed that any impurities in the droplets formed by this technique are at a low enough concentration to have no effect on the charge transfer. conditions, but the riming was started at successively later times: 1, 1.25, 1.5, and 2 min after seeding the cloud. In each successive case the magnitude of the peak current was reduced and the duration of a significant current became shorter. A similar reduction in the duration of the current peak was also found with increasing airspeed. The temperature of the rime as measured by the thermocouple on the second rod was found to rise to 0øC for wet growth. The measured temperature tended to fluctuate rapidly by up to IøC due to the random arrival of droplets, and since the thermocouple rapidly became embedded in the rime ice, it is difficult to gain any detailed idea of the surface temperature variations. 
INTRODUCTION
There is a large body of evidence from laboratory studies to suggest that the interaction of ice crystals with low-density graupel pellets, in the presence of supercooled water droplets, is one of the principal thunderstorm-charging processes. While the mechanism of charge transfer is unclear, studies undertaken over the last 30 years or so have led to a detailed knoxvledge of the sign and magnitude of the charge separated under a wide range of conditions [Reynolds et [1991] assumed that under such conditions, impacting ice crystals would stick to the pellet rather than bounce off, and so there would be no charge separation, while Williams et al. [1991] suggest that crystals do bounce off graupel in wet growth charging it positively. Williams et al. have reinterpreted the results of Takahashi [1978] in the light of this suggestion. The current work was undertaken to resolve the question of whether or not charge is separated by ice crystaVgraupel interactions under conditions of wet growth.
THE EXPEmMENTS
The experiments were carded out in a large cloud chamber, situated in a cold room as described by Keith and Saunders [1990] . The cloud was formed by the entry of water vapor from a boiler situated below the cloud chamber, the water droplets rapidly supercooling to the ambient temperature. Jayaratne et al. [1983] showed that any impurities in the droplets formed by this technique are at a low enough concentration to have no effect on the charge transfer. The cloud was mixed by means of a fan in order to reduce inhomogeneities. Ice crystals were seeded by briefly inserting a fine brass rod, cooled to liquid nitrogen temperatures, into the cloud. Mixing was stopped just before seeding to avoid charging the crystals by collisions with the fan.
The graupel pellet xvas simulated by a 5-mm-diameter metal rod mounted within one arm of a pair of tubes, as shown in output of 1 mV equivalent to 10 -t3 amps, xvas connected to the riming rod. The second arm of the tube supported an identical rod with a thermocouple mounted close to its surface to measure the rime temperature during the course of the experiment. In order to keep the temperatures of the two rods as close as possible the second rod was provided with a similar coaxial cable to the charge measuring rod to give it the same thermal path out of the chamber. The airspeeds in the two arms of the tube were equal to within ñ 0.2 m s 't. Peltier elements were mounted on both rods in order to allow them to be heated in order to force wet growth; this was necessary at lower airspeeds because at liquid water contents high enough to obtain wet growth without heating the rods, the ambient temperature in the chamber became too hig!r to grow ice crystals effectively. The liquid water content of the cloud before seeding was estimated by FSSP measurements to be in the range 2.5 to 3.5 g m -3, with droplets up to 30 pm diameter present, the modal diameter being around 8 pm. The vapor supply was maintained throughout the experiment and the crystals grew to 100 pm. Following initial experiments showing no charge during wet growth, the crystal concentration was increased to 103 cm '3 in order to increase the charge transfer sensitivity.
In each experiment, the cloud was allowed to become established and was then seeded at time t = 0. The airflow, and hence riming, was started after 1 to 2 min, once the ice crystals had grown. The conditions necessary to obtain wet growth were determined and then the charging current was noted under various surface conditions.
The experiments were carded out at airspeeds between about 4 m s -t and 11 m s 't (speeds below 4 m s 't proved too low to obtain wet growth at temperatures low enough to get reasonable growth of the ice crystals).
RESULTS
Figure 2 shows typical characteristics for the charging current to the riming rod under various conditions. The horizontal axis shows the time elapsed since the cloud was seeded, in minutes. The arrows indicate the start and end of the period during which the ice crystals and supercooled water droplets were drawn past the riming rod. The cloud temperature at the level of the riming rods was between -10øC and -11øC and that near the top of the chamber was about -7øC to -8.5øC. The power to the boiler was kept constant in all cases except that noted below, and the ice crystals remained in the cloud for approximately 2.5 min. conditions, but the riming was started at successively later times: 1, 1.25, 1.5, and 2 min after seeding the cloud. In each successive case the magnitude of the peak current was reduced and the duration of a significant current became shorter. A similar reduction in the duration of the current peak was also found with increasing airspeed. The temperature of the rime as measured by the thermocouple on the second rod was found to rise to 0øC for wet growth. The measured temperature tended to fluctuate rapidly by up to IøC due to the random arrival of droplets, and since the thermocouple rapidly became embedded in the rime ice, it is difficult to gain any detailed idea of the surface temperature variations. 
